1. Introduction {#sec1}
===============

There is little or no literature report on the phytochemistry and pharmacology of *Uapaca heudelotti* (Euphorbiaceae)*.* No attempt has previously been made to isolate and characterize some bio-active compounds from this plant until now. It is against this background that *Uapaca heudelotti,* used extensively in ethnomedicine for the treatment of oxidative stress and infectious diseases in some parts of Africa and Nigeria in particular, was chosen for this study. This research is aimed at isolating and characterizing bioactive compounds from the stem bark of *Uapaca heudelotti*. The root preparation of *Uapaca heudelotii* is taken as expectorant, and to treat fever and headache. The decoction of the bark is used to treat dysentery, food poisoning, female sterility, ovarian disorder, toothache, rheumatism, oedema and hemorrhoids. The decoction is also applied as enema to treat constipation, and rubbed against swellings ([@bib5]). The bark-extract of *Uapaca heudelotii* is used on skin-infections and as an emetic ([@bib7]).

Plants are sources of medicinal ingredients that have been used by humans as natural medications ([@bib22]). Phenolic compounds in plant protect plants from antimicrobial effects ([@bib14]). Many studies have been tailored towards discovering new drugs from traditionally used medicinal plants ([@bib13]). Interest in studying phytochemistry and pharmacology of chemical compounds isolated from different plant species have increased significantly over the years ([@bib17]). Flavonoids are produced from the phenylpropanoid and malony-CoA pathway, and are phytochemicals which defend pathogenic infection ([@bib15]). Scientists have confirmed that flavonoids could inhibit diseases, such as dysentery, diarrhoea, hypertension, liver, urinary and cerebral disorders ([@bib3]; [@bib16]; [@bib8]).

Plants contain natural antioxidants but, there is limited scientific information on the practical usefulness of these plants. Phytochemicals are commonly found in various fruits, vegetables and herbs and help to fight against oxidative stress ([@bib2]; [@bib27]). Herbal preparations, commonly used at home**,** have antioxidative properties due to the presence of phenolic compounds ([@bib11]).

2. Methodology {#sec2}
==============

2.1. Plant material {#sec2.1}
-------------------

*Uapaca heudelotti* stem bark was collected from Benue State, Nigeria. It was dried at 27 °C and pounded to uniform powder. The dried powdered plant materials was extracted with methanol at room temperature for 48 h and concentrated using a rotary evaporator. A portion of this extract was dissolved in water to yield a water-soluble fraction and water-insoluble fraction. The two fractions were subsequently partitioned successively and exhaustively using hexane and ethyl acetate.

2.2. Separation techniques {#sec2.2}
--------------------------

### 2.2.1. Thin layer chromatography {#sec2.2.1}

Thin layer chromatography was performed using precoated aluminium TLC plates. They were developed by using the ascending techniques. Spots were applied on the TLC plates and developed at room temperature using a chromatographic tank.

### 2.2.2. Column chromatography {#sec2.2.2}

Column chromatography was carried out using the gradient elution technique. The column was 75 cm in length and 3.5 cm in diameter. The stationary phase used was silica gel of 60 -120 mesh size. The wet slurry method was employed during the column packing. 7.5 g of ethyl acetate extract was dissolved in ethyl acetate and a small quantity of silica gel was added to the dissolved extract. It was dried and loaded on top of the previously packed column ([@bib6]).

1.5 L of various solvents comprising absolute hexane, hexane and ethyl acetate mixtures (80:20 and 60:40 respectively), absolute ethyl acetate and absolute methanol was used as solvent systems. A total of 53 collections was obtained and pooled together into 4 sub-fractions, 'a', 'b', 'c' and 'd' (due to similarities of their TLC chromatograms).

### 2.2.3. Gel filtration chromatography {#sec2.2.3}

10 g of Sephadex LH-20 was soaked in methanol and allowed to swell for 24 h prior to use. It was then introduced into a glass column and allowed to settle tightly. Sub-fractions 'c' (3.0 g) was dissolved in a minimum amount of methanol which was used as the eluting solvent and applied on top of the column. Several gel filtration chromatography of sub fraction 'c' gave another 21 collections. Collections 3 to 8 consisted of just one spot. They were pooled together and labelled as U1. Collection 9 to 14 had a different single spot with a different R~f~ value. Collection 9 to 14 were pooled together and labelled as U2.

2.3. Determination of antioxidant activity {#sec2.3}
------------------------------------------

The antioxidant activity of the isolated compounds was determined using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical. The antioxidant activity was carried out by a method described by [@bib21]. 15, 30, 60, 120 and 240 μg/mL of the isolated compounds was prepared and ascorbic acid was used as the antioxidant standard. Same concentrations of each solution of the compound was placed in a test tube, and 1 mL of 0.3 mM methanolic solution of DPPH was added. The experiment was done in triplicates for each of the concentrations. The percentage antioxidant activity was calculated using the following formula:$$\%\ \ \text{antioxidant}\ \ \text{activity} = \frac{Absorbance\ \ of\ \ control - Absorbance\ \ of\ \ sample}{Absorbance\ \ of\ \ control} \times 100$$

2.4. Susceptibility test {#sec2.4}
------------------------

The antibacterial activity was evaluated using clinical strains of *Klebsiella pneumonia Staphylococcus aureus, Escherichia coli, Bacillus subtilis, Streptococcus pyogenes, Salmonella typhi* and *Proteus mirabilis.* Culturing and identification of bacterial species was carried out using standard method ([@bib9]).

The antimicrobial screening was performed using the agar well diffusion technique as described by [@bib24]. The culture media was sterilized for 15 min at 121 °C. 0.1 mL standard inoculum of the test microorganism was introduced into the sterilized media. The inoculum was spread all through the media. 6 mm in diameter well was cut at the centre of each seeded medium, and 0.1 mL solution of the compound was then introduced into each well on the medium. The inoculated plates were incubated at 37 °C for 24 h, after which the plates were observed for the zone of inhibition of growth of microorganisms. The zone was measured with a transparent ruler in millimetres.

2.5. Minimum inhibitory concentration (MIC) of the compounds {#sec2.5}
------------------------------------------------------------

Minimum inhibitory concentration of the compounds was carried out using standard method by [@bib32]. 10 mL nutrient broth was transferred into test tubes, they were sterilized for 10 min at 121 °C and cooled. McFarland\'s turbidity standard scale number 0.5 was prepared to give a turbid solution. 10 mL normal saline was dispensed into sterile test-tube and the test microbes inoculated and incubated for 6 h at 37 °C. Dilution of the test microbes in the normal saline was made until the turbidity matched that of the McFarland scale by visual comparison. The concentration of the test organism was about 1.5 × 10^8^ cfu/mL. Serial dilution of the compounds in the sterile broth was made to obtain concentrations of 20 μg/mL, 10 μg/mL, 5 μg/mL, 2.5 μg/mL and 1.25 μg/mL. Stock concentration was obtained by dissolving 20 μg of the compound in 1 mL of the sterile broth. Having obtained the different concentration of the compound in the serial broth, 0.1 mL of the test microbes in the normal saline was then inoculated into the different concentrations of the compounds. Incubation was for 24 h at 37 °C, and each test-tube was observed for growth of microbes. The least concentration of the compounds in the broth which shows no turbidity (microbial growth) was taken as the minimum inhibitory concentration. The experiment was conducted in triplicates for all the concentrations.

2.6. Minimum bactericidal concentration (MBC) {#sec2.6}
---------------------------------------------

The minimum bactericidal concentration (MBC) was performed to determine the concentration the test microbes were killed. Mueller-Hinton media was prepared, sterilized and allowed to cool. The plates were allowed to cool and solidify. The content of the test tube with MIC were then sub-cultured onto the prepared media. Incubation was made for 24 h at 37 °C and the plate were observe for microbial growth. The MBC were the plates with least concentration of the compound without microbial growth ([@bib24]).

2.7. Spectral analysis {#sec2.7}
----------------------

FTIR analysis was performed on a Fourier Transform Infra-red Spectrophotometer at the Multiuser Laboratory, Department of Chemistry, ABU, Zaria. ^1^H and ^13^CNMR spectroscopy was carried out at the School of Chemistry and Physics, University of *Kwazulu-Natal,* Durban South Africa on a Bruker ADVANCE spectrometer (600 MHz for ^1^H and 150 MHz for ^13^C). Chemical shifts (ppm) relative to TMS standard and coupling constant are recorded in Hertz. Samples were dissolved in deuterated methanol.

3. Results {#sec3}
==========

The aromatic protons in the ^1^HNMR spectrum of U1 were assigned as follows: 5.385 ppm (1H, d, *J* = 10.0 Hz, H-2), 2.761 ppm (1H, d, *J* = 17.0 Hz, H-3), 5.93 ppm (1H, d, *J* = 7.14 Hz, H-8) and ppm (1H, d, *J* = 7.14 Hz, H-6) on ring and 6.865 ppm (2H, d, *J* = 8.18 Hz, H-3′,5\'). The resonance at 4.5 ppm is characteristic of an -- anomeric proton ([Table 1](#tbl1){ref-type="table"}). The ^13^CNMR spectrum of compound U1 revealed the presence of carbonyl carbon at 196.49 ppm, in addition to 12 aromatic carbon atoms at 94.5--165.6 ppm. In the ^13^CNMR spectrum of U1, the presence of a signal 157 ppm was observed which is characteristic of glycosylation at C-7. Anomeric carbon signal showed at 100.7 ppm. The remaining sugar carbons appeared at 68--77 ppm ([Table 1](#tbl1){ref-type="table"}). ^1^HNMR spectrum of U2 showed that the ring B protons showed a doublet (2H, d, *J* = 8.34 Hz) at δ 8.12 and 6.945, which is characteristic of the presence of a para-substituted benzene ring. Ring A Protons at δ 6.22 (1H, d, *J* = 1.90 Hz) and 6.43 (1H, d, *J* = 1.90 Hz), respectively revealed meta-aromatic protons at H-8 and H-6 ([Table 2](#tbl2){ref-type="table"}). The ^13^CNMR spectrum of U2 revealed 21 carbon signals - one anomeric carbon, one carbonyl, one oxygenated sp^3^ methylene carbon, four oxygenated sp^3^ methines, six sp^2^ methines and eight sp^2^ quartenary carbon ([Table 2](#tbl2){ref-type="table"}). The diameter of zone of inhibition of U1 was 23, 21, 22, 16, 17, 23 and 17 mm against *Bacillus subtilis*, *Proteus mirabilis, Staphylococcus aureus, Klebsiella pneumonia, Streptococcus pyogenes, Salmonella typhi* and *Escherichia coli* respectively ([Table 3](#tbl3){ref-type="table"}). While 22, 15, 21, 20, 21, 20 and 15 mm was recorded for compound U2 against the same bacteria respectively. The diameter of zone of inhibition of ciprofloxacin against these bacteria was 37, 17, 28, 25, 30, 35 and 32 mm respectively ([Table 3](#tbl3){ref-type="table"}). Compound U1 had MIC of 3.12 μg/mL against *Escherichia coli,* 6.25 μg/mL against *Bacillus subtilis*, *Proteus mirabilis, Staphylococcus aureus, Streptococcus pyogenes,* *Salmonella typhi*, and 12.5 μg/mL against *Klebsiella pneumonia* ([Table 4](#tbl4){ref-type="table"})*.* Compound U2 had a MIC of 3.125 μg/mL against *Escherichia coli,* 6.25 μg/mL against *Bacillus subtilis*, *Streptococcus pyogenes,* *Salmonella typhi,* and 12.5 μg/mL against *Klebsiella pneumonia, Proteus mirabilis* and *Staphylococcus aureus* ([Table 4](#tbl4){ref-type="table"}). U1 had MBC of 6.25 μg/mL against *Salmonella typhi*, *Proteus mirabilis, Staphylococcus aureus, Escherichia coli* and *Klebsiella pneumonia,* and 12.5 μg/mL against *Bacillus subtilis* and *Streptococcus pyogenes* ([Table 5](#tbl5){ref-type="table"})*.* U2 had MBC of 6.25 μg/mL against *Streptococcus pyogenes* and *Escherichia coli,* and 12.5 mg/mL against *Salmonella typhi, Proteus mirabilis, Bacillus subtilis*, *Staphylococcus aureus* and *Klebsiella pneumonia* ([Table 5](#tbl5){ref-type="table"})*.* The radical scavenging activity of compound U1 was 45, 50, 67, 75 and 80% at 15, 30, 60, 120 and 240 μg/mL respectively ([Figure 1](#fig1){ref-type="fig"}). The antioxidant activity of compound U2 was 59, 62, 74, 80 and 85% at 15, 30, 60,120 and 240 μg/mL respectively ([Figure 1](#fig1){ref-type="fig"}).Table 1NMR spectra data of U1 (MeOD, 600 Hz) and comparison with literature data.Table 1Position (U1)^13^C NMR\
Experimental^13^CNMR ([@bib1])^1^H NMR\
Experimental^1^H NMR ([@bib1])279.0780.625.385 *J* = 10.05.46 dd, *J* = 13.0342.5844.132.761 (3.1648) d, *J* = 17.62.83 (3.23) *J* = 17.0,12.54196.49198.525157.56159.07694.8896.925.93(1H, d, *J* = 7.14 Hz)7167.03167.00895.7497.995.93(1H, d, *J* = 7.14 Hz)9163.49164.010102.01104.41′127.64130.852′129.74129.097.35 *J* = 8.167.4,d 8.63′115.03116.336.865 (2H, d, *J* = 8.18 Hz)4′164.01164.595′115.03116.336.865 (2H, d, *J* = 8.18 Hz)6.90 d 8.66′129.74129.097.35 *J* = 8.167.4, d 8.61″102.01102.34.54(d)4.47 (d)2″72.4774.503.20 (m)3.23 (m)3″79.0677.803.26 (m)3.26 (m)4″72.4771.103.14 (m)3.12 (m)5″79.0678.303.34 (m)3.37 (m)6″63.0462.403.67 (m)3.67(m)Table 2NMR spectra data of U2 (MeOD, 600 Hz) and comparison with literature data.Table 2(U2)^13^CNMR^13^C NMR ([@bib12])^1^H NMR^1^H NMR ([@bib12])2159.16157.53135.73134.44176.02178.575161.17161.9697.93100.86.22 (d)6.44(d)7164.2158.57893.1195.26.43 (d)6.76 (d)9156.9156.110103.19107.21′122.37121.32′131.47131.48.12, d, *J* = 8.34 Hz8.04, d, *J* = 8.8 Hz3′115.93116.56.945, d, *J* = 8.24 Hz6.88, d, *J* = 8.8 Hz4′161.17161.45′115.93116.56.949, d, *J* = 8.24 Hz6.89, d, *J* = 8.8 Hz6′131.47131.48.12, d, *J* = 8.34 Hz8.04, d, *J* = 8.8 Hz1″103.19106.75.20 (d)5.20 (d)2″72.574.83.19 (m)3.19 (m)3″76.777.43.02 (m)3.22(m)4″72.4770.83.13 (m)3.03(m)5″79.377.23.01 (m)3.07(m)6″63.0661.73.50 (m)3.54 (m)Table 3Zone of inhibition of the isolated compounds (mm).Table 3Micro organismsU1U2Ciprofloxacin*Bacillus subtilis*23 ± 122 ± 137 ± 1*Proteus mirabilis*21 ± 115 ± 117 ± 1*Staphylococcus aureus*22 ± 121 ± 128 ± 1*Klebsiella pneumonia*16 ± 120 ± 125 ± 1*Streptococcus pyogenes*17 ± 121 ± 130 ± 1*Salmonella typhi*23 ± 120 ± 135 ± 1*Escherichia coli*17 ± 115 ± 132 ± 1Table 4Minimum inhibitory concentration of the isolated compounds (μg/mL).Table 4Micro organismsU1U2Ciprofloxacin*Bacillus subtilis*6.25 ± 0.036.25 ± 0.033.12 ± 0.03*Proteus mirabilis*6.25 ± 0.0312.5 ± 0.036.25 ± 0.03*Staphylococcus aureus*6.25 ± 0.0312.5 ± 0.26.25 ± 0.03*Klebsiella pneumonia*12.5 ± 0.212.5 ± 0.26.25 ± 0.03*Streptococcus pyogenes*6.25 ± 0.036.25 ± 0.036.25 ± 0.03*Salmonella typhi*6.25 ± 0.036.25 ± 0.0312.5 ± 0.2*Escherichia coli*3.12 ± 0.023.12 ± 0.026.12 ± 0.03Table 5Minimum bactericidal concentration the isolated compounds (μg/mL).Table 5Micro organismU1U2Ciprofloxacin*Bacillus subtilis*12.5 ± 0.212.5 ± 0.212.5 ± 0.2*Proteus mirabilis*6.25 ± 0.0312.5 ± 0.26.25 ± 0.03*Staphylococcus aureus*6.25 ± 0.0312.5 ± 0.212.5 ± 0.2*Klebsiella pneumonia*6.25 ± 0.0312.5 ± 0.26.25 ± 0.03*Streptococcus pyogenes*12.5 ± 0.26.25 0.036.25 ± 0.03*Salmonella typhi*6.25 ± 0.0312.5 ± 0.212.5 ± 0.2*Escherichia coli*6.25 ± 0.036.25 0.036.25 0.03Figure 1Antioxidant activity of U1 and U2.Figure 1

4. Discussion {#sec4}
=============

Compound U1 was isolated as a greenish yellow amorphous substance with a sharp melting point of 124 °C also indicating its purity. Compound U1 tested positive to Shinoda test, indicating that it is a flavonoid ([@bib28]).

The band at 3343 cm^−1^ in the IR spectrum of U1 revealed O--H stretching on a benzene ring, also the absorption peak at 1684 cm^−1^ is evident of carbonyl functional group ([@bib33]).

Based on spectra data and comparison with available literature values ([Table 1](#tbl1){ref-type="table"}) ([@bib1]), it was observed that U1 had a flavonoid skeleton consisting of naringenin aglycone moiety attached to β-D-glucoside. Consequently, the structure of U1 was identified as naringenin-7-*O*-glucoside ([Figure 2](#fig2){ref-type="fig"}) isolated for the first time from *U. heudelotti*.Figure 2(U1) naringenin -7-*O*-glucoside and (U2) kaempferol-3-*O*-glucoside.Figure 2

Compound U2 is yellow and amorphous with a sharp melting point of 147 °C also indicating its purity. Compound U2 also tested positive to Shinoda test, indicating that U2 is a flavonoid ([@bib28]).

Hydroxyl group (3354 cm^−1^), carbonyl group (1684 cm^−1^), conjugated olefinic bond (1607 cm^−1^) and ether groups (1078 cm^−1^) were observed in the IR spectrum of U2.

The ^1^H-NMR of U2 showed ring B protons as a doublet (2H, d, *J* = 8.34 Hz) at δ 8.12 and 6.945, signifying a para-substituted aromatic ring. Ring A protons at δ 6.22 (1H, d, *J* = 1.90 Hz) and 6.43 (1H, d, *J* = 1.90 Hz), respectively suggests meta-aromatic proton H-8 and H-6. From these observations and comparisons with literature data, U2 is a kaempferol aglycone ([Figure 2](#fig2){ref-type="fig"}). The ^1^HNMR spectra of U2 also showed the presence of an anomeric proton as a doublet at δ 5.20 suggesting a sugar residue ([@bib12]).

From the ^13^CNMR of U2 eight olefinic bond equivalents was revealed out of the total twelve olefinic bond equivalents. The remaining four olefinic bond equivalents were characteristic of the flavone skeleton with a β-glucose residue ([@bib23]). Based on the above NMR data and the comparison with literature data, compound U2 was discovered to have flavonoid structure ([@bib29]: [@bib12]) and consists of kaempferol aglycone attached to D-glucoside as a sugar residue. Consequently, U2 was identified as kaempferol-3-O-glucoside ([Figure 2](#fig2){ref-type="fig"}) consistent with reported literature values ([@bib18]).

The highest sensitivity was observed against *Salmonella typhi* and *Bacillus subtilis* at a zone of inhibition of 23 mm and MIC of 6.25 μg/mL (Tables [3](#tbl3){ref-type="table"} and [4](#tbl4){ref-type="table"}) for compound U1, which was elucidated as a flavonoid. This antibacterial activity could be due to the fact that flavonoids have been shown to act by complexing proteins and breaking microbial membranes ([@bib26]). Antimicrobial activity for compound U2 ranged from 15 to 22 mm. This activity may be due to the fact that phytochemicals such as flavonoids act by complexing bacterial proteins, interfering with bacterial adhesion, inactivating enzymes and disrupting bacterial cell membrane ([@bib10]; [@bib25]; [@bib31]; [@bib4]). These chemicals penetrate cell membranes up to the cytoplasm and interact with intracellular targets critical for antibacterial activity ([@bib30]). They are also used to manage acute bronchial disease, epilepsy, cold, cough, and influenza ([@bib31]).

The radical scavenging activity of compound U1 was 80 % 240 μg/mL ([Figure 1](#fig1){ref-type="fig"}). Antioxidant effect of chemical compounds is mainly due to the presence of hydroxyl functional groups ([@bib20]). The high polyphenolic content in compound U1 could be responsible for the high antioxidant activity observed ([@bib20]). Polyhydroxy compounds are good antoxidants, due to their hydroxyl groups. These polyhydroxy groups present in compound U2 may be responsible for the antioxidant activity of compound U2 (a flavonoid) which was 85 % at 240 μg/mL ([Figure 2](#fig2){ref-type="fig"}).

In conclusion, the antimicrobial and antioxidant activities of the plant may be due to the presence of the isolated compounds.
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